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METHOD FOR PREPARING LOW DIELECTRIC FILMS 

FIELD OF T HE INVENTION 

5 The present invention relates to an improved plasma chemical vapor 
deposition (CVD) method for preparing a low dielectric constant hydrogenated 
silicon-oxycaibide (SiCO:H) film. 

R Are GROUND OF T HE INVENTION 

10 

With ever decreasing size of electronic devices utilized in ULSI 
(ultra-large-scale integrated) circuits, there has emerged the problem of 
increased capacitance of intralayers and/or interlayers, causing signal delays. 
Therefore, there has been a need to develop a low dielectric constant (k) 

15 material having a k-vahie lower than that of the conventional silicon dioxide 
(Si02) or fluorinated silicon oxide (SiOF). 

US Patent No. 6,147,009 discloses a low dielectric constant material 
produced by reacting the vapor of a precursor containing atoms of Si, C, O and 
H in a parallel plate plasma enhanced chemical vapor deposition chamber, the 

20 precursor being a molecule with a ring structure such as 
1 3^,7-tetrame%lcycloteti^aoxane(TMCTS, C4Hifi04Si4), 
tetrae&yk^otetrastfoxan or 
decamethylcyclopentasiloxaneCCjoHMOsSis), with or without added oxygen. 
However, the dielectric constant of the disclosed film is still high, in the range 

25 of 3.3 to 4.0. To further reduce the dielectric constant of the material 
described in the patent, US Patent No. 6,312,793 proposes a low k material 
consisting of two or more phases. However, die multi-phase material still 
has a k-value of more than 32. 

Accordingly, the presort inventors have endeavored to develop a novel 

30 material having a dielectric constant lower than those of conventional 
materials. 

SUMMARY OF THE INVENTION 



35 



It is, therefore, an object of the present invention to provide a method 
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for preparing an improved low dielectric constant . hydrogenated 
silicon-oxycaibide (SiCOrH) film using a chemical vapor deposition (CVD) 
technique. 

It is another object of the present invention to provide a SiCOH film 
5 having a dielectric constant (k) lower than those of conventional low dielectric 
materials. 

In accordance with one aspect of the present invention, there is provided 
a method for preparing a low dielectric constant hydrogenated 
silicon-oxycaibide (SiCOrH) film which comprises conducting chemical vapor 

10 deposition using, together with an 0 2 -containing gas plasma, an organosilicon 
or organosilicaie compound having at least one vinyl or ethinyl group, or a 
mixture of a saturated organosilicon or organosilicaie compound and an 
unsaturated hydrocarbon. 

In accordance with another aspect of the present invention, there is 

15 provided a low dielectric constant SiCOH thin film having a dielectric constant 
(k) of 2.6 or below, prepared by said method 

URUPF DKSCRIPTION OF THE DRAWINGS 

20 The above and other objects and features of tide present invention will 

become apparent from the following description thereof; when taken in 

conjunction with the accompanying drawings which respectively show: 

FIGS, la and lb: schematic diagrams of the plasma reactor used in 

forming a thin film in accordance with the present invention; 
25 FIG. 2: variations in carbon contents of the film obtained in Example 1 

of the present invention with O/VTMS flow ratio, respectively, 

FIG. 3: variations in dielectric constants of the films obtained in 

Example 1 and Comparative Example 1 of the present invention with 

O2/VTMS and O2/4MS flow ratio, respectively; 
30 FIGS. 4 and 5: changes in the dielectric constant of the film obtained in 

Example 1 as function of annealing temperature and annealing time, 

respectively; 

FIGS. 6 and 7: variations in carbon contents and dielectric constants of 
the film obtained in Example 2 of the present invention with (V^MSK^F*) 
35 flow ratio, respectively; 

FIGS. 8 and 9: changes in the dielectric constant of the film obtained in 
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Example 2 as function of annealing temperature and annealing lime, 
respectively; 

FIG. 10: variations in carbon contents of the film obtained in Example 3 
of the present invention with O2/TVTMCTSO flow ratio, respectively; 
5 FIG. 11: variations in dielectric constants of the films obtained in 
Example 3 and Comparative Example 2 of the present invention with 
O/TVTMCTSO and Oz/TMCTSO flow ratio, respectively; 

FIGS. 12 and 13: changes in the dielectric constant of the film obtained 
in Example 3 as function of annealing temperature and annealing time, 
10 respectively; 

FIGS. 14 and 15: variations in carbon contents and dielectric constants 
of the film obtained in Example 4 of the present invention with 
OrftJMCISO-KtfU) flow ratio, respectively; 

FIGS. 16 and 17: changes in the dielectric constant of the film obtained 
15 in Example 4 as function of annealing temperature and annealing time, 
respectively; 

FIGS. 18 and 19: variations in carbon contents and dielectric constants 
of the film obtained in Example 5 of the present invention with O2/DADMS 
. flow ratio, respectively; 
20 FIGS. 20 and 21: changes in the dielectric constant of the film obtained 
in Example 5 as function of annealing temperature and annealing time, 
respectively; 

FIGS. 22 and 23: variations in carbon contents and dielectric constants 
of the film obtained in Example 6 of the present invention with Q2/DVTMDSO 
25 flow ratio, respectively; 

FIGS. 24 and 25: changes in the dielectric constant of the film obtained 
in Example 6 as function of annealing temperature and annealing time, 
respectively; 

FIGS. 26 and 27: variations in carbon contents and dielectric constants 
30 of the film obtained in Example 7 of the present invention with O2/VTMOS 
flow ratio, respectively, 

FIGS. 28 and 29: changes in the dielectric constant of the film obtained 
in Example 7 as function of annealing temperature and annealing time, 
respectively; 

35 FIGS. 30 and 31: variations in carbon contents and dielectric constants 
of the film obtained in Example 8 of the present invention with O2/ETMS flow 
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ratio, respectively, ' 

FIGS. 32 and 33: changes in the dielectric constant of the film obtained 
in Example 8 as function of annealing temperature and annealing time, 
respectively; 

5 FIGS. 34 and 35: variations in carbon contents and dielectric constants 
of the films obtained in Example 9 of the present invention with 
(^/(HMDSQK^a^) flow ratio, respectively; and 

FIGS. 36 and 37: changes in the dielectric constant of the film obtained 
in Example 9 as function of annealing temperature and annealing time, 
10 respectively. 

rurr-ATT KT> DKSCTOPTI ON OF THE INVENTION 

The present invention provides a method for preparing a low dielectric 

15 constant hydrogenated sflicon-oxycarbide (SiCO :H) film by way of conducting 
chemical vapor deposition using, together with an Containing gas plasma, 
an organosilicon or organosilicate compound having at least one vinyl or 
ethinyl group, or a mixture of a saturated organosilicon or organosilicate 
compound and an unsaturated hydrocarbon. 

20 In accordance with the present invention, the process for forming a low 
dielectric constant SiCOH film may be conducted using a plasma CVD 
apparatus, e.g., a remote plasma CVD or a direct plasma CVD apparatus. 

The remote plasma CVD apparatus shown in FIG. la comprises a 
quartz tube(6), an antenna^), a matching box(5), a high-frequency electric 

25 power source(10), a mass flow controller(7) for feeding a silicon precursor, a 
precursor container(2), and a mass flow controller(8) for feeding a reactive 
gas. The antenna is wound around the outer periphery of the quartz tube(6), 
to thereby connect the antenna(9) and the matching box(5), which is 
connected to the high-frequency electric power source(10). The quartz 

30 tube(6) is connected to the mass flow controller(8) for feeding an 
Orcontaining gas via a tube. In the remote plasma CVD apparatus, the 
Oz<xmtaining gas and the silicon precursor are fed to the matching box(5) 
separately, the precursor being led through a diffusion ring(3). Further, in the 
direct plasma CVD apparatus shown in FIG. lb, the silicon precursor fed from 

35 the precursor container^) and the Containing gas fed from a reactive gas 
container(l) are mixed, and then supplied to the matching box(5). 
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In accoidance with a preferred embodiment of the present invention, 
there is provided a method for preparing a low dielectric constant SiCOH 
material, which comprises conducting chemical vapor deposition using an 
unsaturated organosilicon or organosilicate compound having at least one vinyl 
5 or ethinyl group and an Orcontaining gas plasma. 

Representative examples of the unsaturated organosilicon or 
organosilicate compound having at least one vinyl or ethinyl group include 
vinyltrime&ylsilane, vinyltriethylsilane, vinyltrimethoxylsilane, 

vinyltriethoxylsilane, 13,5-trivinyl-U,5-trimethylcyclotrisiloxane, 

10 l^,5;7-tetamyl-l^ 

1^-divinyltetrameftiyldisiloxane, hexavinyldisiloxane, aUyldimethylsilane, 
allyldimethoxysilane, ethinyltrimethylsilane, ethinyltriethylsilane and a 
mixture thereof 

The unsaturated organosilicon or organosilicate compound may be 
15 generated in situ, using an organosilicon or organosilicate having one or more 
halogen substituents. 

In another preferred embodiment of the present invention, there is 
provided a method for preparing a low dielectric constant SiCOH material, 
which comprises conducting chemical vapor deposition using a mixture of a 
20 saturated organosilicon or organosilicate compound and an unsaturated 
hydrocarbon with an Orcontaining gas plasma The mixing ratio of the 
saturated organosilicon or organosilicate compound and the unsaturated 
hydrocarbon is preferably in the range from 1:0.1 to 1:10. If the mixing ratio 
is less than 0.1 , the dielectric constant of the film becomes too high, while the 
25 physical properties of the film become unsatisfactory if the ratio is above 10. 

In the above embodiment, the saturated organosilicon or organosilicate 
compound, or the unsaturated hydrocarbon may have one or more halogen 
substituents. 

Representative examples of the saturated organosilicon or organosilicate 
30 compound include trimethylsilane, triethylsilane, trimethoxysilane, 
triethoxysilane, tetramethylsilane, tetraethylsilane, tetramethoxysilane, 
tetraethoxysilane, hexamethylcyclotrisiloxane, tetramethylcyclotetrasiloxane, 
tetraethylcyclotetrasiloxane, octamethylcyclotetrasiloxane, 
hexamethyldisiloxane, bistrimethylsilylmethane and a mixture thereof 
3 5 Representative examples of die unsaturated hydrocarbon are H 2 OCH 2> 

F 2 C=CF 2 , EfeOCF* HFOCFH, F 2 C=OCF 2> H 2 OOCF 2 , HFOC=CFH, 
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HC CH, FC CH, FC CF, C1 2 C=CC1 2 , H 2 OCCl 2 , HCIOCOH, 

ci 2 c=c=ca 2 , h 2 c=c=cci 2 , hcioc=ccih, cic ch, ac cci, 

Br 2 OCBr 2 , HaOCBr* HBrOCBrH, Br 2 C=OCBr 2 , H 2 C=C=CBr 2 , 
HBrC=C=CBrH, BrC CH, BrC CBr, I 2 C=CI 2 , H 2 C=CI 2 , HIOCIH, 
5 I 2 C=C=a 2 , H 2 C=€=€I 2 , HIOOOH, IC CH and IC CI; and preferred is 

H 2 C=CH 2 orF 2 OCF 2 . 

The C^^ntaining gas which may be used in the present invention is 
selected from the group consisting of Qi, NA Oj, H^, CO2, H 2 0 and a 
mixture thereof. 

10 The method of the present invention may further comprise the step of 

annealing the deposited film, which may be carried out at a temperature 
ranging from 100 to 800°C for a period ranging from 0.5 to 8 hrs, preferably at 
450°C for 1 hr, to obtain a thermally stable low dielectric constant SiCOH film. 
The annealing step may also include a rapid-thermal processing, which may 

15 be conducted at a temperature ranging from 100 to 900°C for about 1 minute 
and a spike-heating step performed for 10 seconds. 

Such low dielectric constant SiCOH material prepared in accordance 
with the method of the present invention has a dielectric constant (k) of 2.8 or 
below, and, further, the thermally stable SiCOH film formed after annealing 

20 has an exceptionally low dielectric constant (k) in the range of 1.6 to 2.6, the 
dielectric constant (k) being controllable by adjusting the process variables. 

The present invention is further described and illustrated in Examples 
provided below, which are, however, not intended to limit the scope of the 
present invention. 

25 

Example 1 

A SiCOH film was deposited on a Pt substrate using 
vinyltrimethylsilaneCVTMS, SiCsHi^ and (h in the direct plasma apparatus 
shown in FIG. lb. The flow ratio of C^VTMS was varied in the range of 1 
30 to 13.3 during the film deposition. The pressure and temperature in the 
reactor were lmrnHg and 30°C, respectively, and the applied plasma power, 
60W. The film so deposited was annealed under an Ar atmosphere at a 
tenmeratore in the range of 300 to 500°C, to obtain a low dielectric constant 
film 

35 As shown in FIG. 2, the respective carbon contents of the deposited 
film and the film annealed at 450°C become lower with the increasing flow 
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ratio of Q2/VTMS. FIG. 3 exhibits that ttie annealed film at 450°C has a 
dielectric constant ranging from 1.8 to 2.4, while the deposited film without 
the annealing has a dielectric constant ranging from 2.3 to 2.8. FIGS. 4 and 
5 show the changes in the dielectric constant of the film obtained in Example 
5 1 with the changes in the annealing temperature and annealing time at the 
(VVTMS flow ratio of 2, respectively. 

Comparative Example 1 

The procedure of Example 1 was repeated using tetramethylsilane(4MS, 
10 S1C4H1Z) in place of VIMS, to obtain a deposited film. As shown in FIG. 3, 
the film thus obtained has a dielectric constant ranging from 3.0 to 3.5, 
which is higher than that of the deposited film obtained in Example 1. 

Example 2 

15 Except that a mixture of tetramethylsilane(4MS, SiC^Hu) and C2F4 

(1:1) was used instead of VTMS, the procedure of Example 1 was repeated to 
obtain a deposited film, which was subsequently annealed 

FIG. 6 and FIG. 7 show Che carbon contents and dielectric constants of 
the deposited film and the annealed film, respectively. The deposited film 

20 has a dielectric constant of 3.0 or below, and the film annealed at 450°C has 
a dielectric constant of 2 5 or below. FIG. 8 and FIG. 9 show the effects of 
the annealing temperature (annealing time=0.5hr) and annealing time 
(annealing temperature=400°C) at the CV(4MS-K^F 4 ) flow ratio of 4 on the 
dielectric constant of die film, respectively. The film annealed at 300 to 

25 500°C for 0.5 hr has a dielectric constant of 2.75 or below. 

Example 3 

The procedure of Example 1 was repeated using 
tetravinyltetramethyi^ SuC^CnH^) in place of 

30 VTMS, to obtain a deposited film, which was subsequently annealed. 

FIG. 10 and FIG. 1 1 show the carbon contents and dielectric constants 
of the deposited film and die annealed film, respectively. The deposited 
film has a dielectric constant of 2.4 or below, and the film annealed at 450°C, 
a dielectric constant of 22 or below. FIG. 12 and FIG. 13 show the effects 
35 of the annealing temperature (annealing time=0.5hr) and annealing time 
(annealing temperature=450°C) at the Cb/TVTMCTSO flow ratio of 4 on the 
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dielectric constant of the film, respectively. The film annealed at 300 to 
500°C for 0.5 hr has a dielectric constant of 2.1 or below. 

Comparative Example 2 
5 The procedure of Example 1 was repeated using 

tetramethylcyclote^ SUO4C4H16) in place of VTMS, to 

obtain a deposited film. As shown in FIG. 11, the film thus obtained had a 
dielectric constant ranging from 2.5 to 3.3, which is higher than that of the 
deposited film obtained in Example 3. 

10 

Example 4 

Except that a mixture of tetramethylc^clotetrasnoxane(TMCTSO, 
SuCM^Hie) and C2H4 (1:1) was used instead of VTMS, the procedure of 
Example 1 was repeated to obtain a deposited film, which was subsequently 
15 annealed. 

FIG. 14 and FIG. 15 depict the carbon contents and dielectric constants 
of the deposited film and the annealed film, respectively. The deposited 
film has a dielectric constant of 2.3 or below, and the film annealed at 450°C 
has a dielectric constant of 2.2 or below. FIG. 16 and FIG. 17 show the 
20 effects of the annealing temperature (annealing time=0.5hr) and annealing 
time (annealing temperature=400°C) at the (TMCTSCHC2H4) flow ratio of 2 
on the dielectric constant of the film, respectively. The film annealed at 
300 to 500°C for 0.5 hr has a dielectric constant of 2.05 or below. 

25 Example 5 

The procedure of Example 1 was repeated using diaUyidimethylsilane 
(DADMS, SiCgHtf) in place of VTMS, to obtain a deposited film, which was 
subsequently annealed 

FIG. 18 and FIG. 19 show the carbon contents and dielectric constants 

30 of the deposited film and the annealed film, respectively. The deposited 
film has a dielectric constant of 2.8 or below, and the film annealed at 450°C, 
a dielectric constant of 2.4 or below. FIG. 20 and FIG. 21 show the effects 
of the annealing temperature (annealing time=0.5hr) and annealing time 
(annealing temperature^450°C) at the O2/DADMS flow ratio of 4 on the 

35 dielectric constant of the film, respectively. The film annealed at 300 to 
500°C for 0.5 hr has a dielectric constant of 2.35 or below. 



WO 03/005429 



PCT/KR02/01238 



^Except that 1 ,3KUvinyltetramethyldisUoxane(DVTMDSO, S^OCgHu) 
was used in place of VTMS, the procedure of Example 1 was repeated to 

5 obtain a deposited film, which was subsequently annealed, 

FIG 22 and FIG 23 show the carbon contents and dielectric constants 
of the deposited film and the annealed film, respectively. The deposited 
film has a dielectric constant of 2.9 or below, and the film annealed at 450 > C 
LTa dielectric constant of 2.4 or below. FIG. 24 and FIG. 25 show the 

xo effects of the annealing temperature (annealing time=0.5hr) and anneahng 
time (annealing te mpemture=500*C) at the 0,/DVTMDSO flow rufio of 2 on 
the dielectric constant of the film, respectively. The film annealed at 300 to 
500°C for 0.5 hr has a dielectric constant of 2.15 or below. 

15 ExaDap ^J procedure of £^16 1 was repeated using vinyltrimethoxysilane 
(VTMOS, SiOaCsHu) in place of VTMS, to obtain a deposited film, which 
was subsequently annealed. 

FIG 26 and FIG 27 show the carbon contents and dielectric constants 
20 of the deposited film and the annealed film, respectively The deposited 
1 hasTdielechic constant in the range of 2.2 to 2.7 and ^ fihn 
annealed at 450°C has a dielectric constant in the range of 1.9 to 2.55. Rb 
28 and FIG 29 show the effects of the annealing tenmerature (anneahng 
thue^Shr) and annealing time (annealing ten^ture^SO'Qat the 
25 CWVTMOS flow ratio of 2 on the dielectric constant of the film, respectively. 
The film annealed at 300 to 500<»C for 0.5 hr has a dielectric constant of 2.4 
or below. 

30 ^^t mat eniinyltrimdhylsilane (BTMS, SiCH.o) was used in place 

of VTMS, the procedure of Example 1 was repeated to obtain a deposited 

film, which was subsequently annealed. 

FIG 30 and FIG. 31 show the carbon contents and dielectric constants 

of the deposited film and the annealed film, respectively. The deposited 
35 film has a dielectric constant of 2.65 or below, and the fihn annealed at 

450*C a dielectrie constant of 2.35 or below. FIG. 32 and FIG. 33 show 
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the effects of the annealing temperature (annealing time=0.5hr) and 
annealing time (annealing tempmture=350<>C) at the CVETMS flow ratio of 
4 on the dielectric constant of the film, respectively. The film annealed at 
300 to 500°C for 0.5 hr has a dielectric constant of 2.35 or below. 

5 

Example 9 . r 

The procedure of Example 1 was repeated using a mixture of 
hexamethyldisiloxane(HMDSO, SfapGA) andQH. (1:2) in place of VTMS, 
to obtain a deposited film, which was subsequently annealed. 
10 FIG 34 and FIG. 35 show the carbon contents and dielectric constants 

of the deposited film and the annealed film, respectively. The deposited 
film has a dielectric constant of 3.0 or below, and the film annealed at 450°C, 
a dielectric constant of 2.05 or below. FIG. 36 and FIG. 37 show the 
effects of the annealing temperature (annealing time=0.5hr) and annealing 
15 time (annealing temperature=450°C) at the O^HMDSOK^) flow ratio of 
4 on the dielectric constant of the film, respectively. The film annealed at 
300 to 500°C for 0.5 hr has a dielectric constant ranging from 1.7 to 1.9. 

As can be seen from the above results, the low dielectric constant 
SiCOH film prepared by conducting CVD using an Containing gas plasma 
20 and an unsaturated organosilicon or organosuicate compound, or a mixture of a 
saturated organosilicon or organosilicate compound and an unsaturated 
hydrocarbon in accordance with the present invention has a dielectric constant 
of 2.6 or below, which is exceptionally lower than conventional low 

25 k " mat£ WbL the subject invention have been described and illustrated with 
respect to the preferred embodiments only, various changes and modifications 
may be made therein without departing from the essential concept of the 
present invention which should be limited only by the scope of the appended 
claims. 
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What is claimed is: 



1. A method for preparing a low dielectric constant hydrogenated 
saicon-oxycarbide (SiCO:H) film which comprises conducting chemical vapor 
5 deposition using, together with an Orcontaining gas plasma, an organosilicon 
or organosilicate compound having at least one vinyl or ethmyl group, or a 
mixture of a saturated organosilicon or organosUicate compound and an 
unsaturated hydrocarbon. 

10 2 The method of claim 1, wherein the rnixture of a saturated organosilicon 
or organosilicate compound and an unsaturated hydrocarbon has a mixing ratio 
ranging fiom 1:0.1 to 1:10. 

3 The method of claim 1, wherein the organosilicon or organosilicate 
15 compound having at least one vinyl or ethmyl group is selected from the group 

consisting of vmyltrimemykflane, vinyltriethylsilane, vinyltrimethoxylsilane, 
vinyltriethoxylsilane, i;$>trivmyl-l,3,5-te^ 
U^,7^etravmyl-13^,7^tramemylcyclotetr^ 

13-d^yltetramemyldisiloxane, hexavmyldisiloxane, aUylcnmethylsilane, 
20 allyldimethoxysilane, ethmyhnmemylsflane, ethinyltriethylsilane and a 
mixture thereof. 

4 The method of claim 3, wherein the organosilicon or organosilicate 
compound having at least one vinyl or ethinyl group is selected fiom the group 

25 consisting <* vmyltrimethylsilane, 

U,5,7-tetavmyl-l,3,5,7-te^ aUyldimemylsilane, 
U-d^yltetramethyldisfloxane, vmyltrimemoxylsilane and 

ethmyltrimethylsilane. 

30 5 The method of claim 1, wherein the saturated organosflicon or 
organosilicate compound is selected fiom the group consisting of 
trimemylsilane, triethyisflane, trimethoxysilane, triethoxysilane, 
tetramethylsilane, tetraemylsilane, tetramethoxysilane, tetraethoxysilane, 
hexamethylcyclotrisiloxane, tetramethylcyclotetrasfloxane, 

35 tetraethylcyclotetrasiloxane, octamethylcyclotetrasdoxane, 
hexamethyldisUoxane, bistrimethylsilylmethane, vmyltrimethylsilane, 
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viayltriethylsilane, vinyitrimed^xylsilane, vinyltrietho^ane, 
13^vinyl-U^-tr^eflly lc y cIotrisiloxane, 

s STlxysilane, araioylaflaeraylsuao* etoyMaraylsdaua aad a 
mixture thereot 

fi ite raatflod of alata 5. wherein 4a saturated organosilicoa or 
oraaaosilicatt aorapouad is salaatad flora 4a graup aomistag «* 
10 ZraXlaUana.he^ylditoaad.eflaraa^ 

7 . TteraemadofchtaUtotfleua^flydra^^ 

H ,occb, Haoccm, cijooccia, wmmxij, 

p rSS H^oiB^ HBrOOCBrH, BrC CH, BrC CBr, 
SSTSkS H.OOH, ^ mC^H, 
IC CHandIC CI. 
20 8 . The method of claim 7, wherein the unsaturated hydrocarbon is 
H 2 C=CH2orF 2 OCF2. 

o The method of claim 1, wherein the Obtaining gas is selected ftom 
25 L group consistir^of O.NA O^H^CO^HaO and a rnixture thereof 

10. The method of claim 1 farther comprising the step of annealing the 
deposited film at atenperaturerangmg ^ 100 to 500°C for 03 to 8 hn, 

30 11. A low dielectric constant hydrogenated S iliconK)xycarbide (SiCO:H) 
i TriRthnd of claim 1- 
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